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Abstract We describe here the isolation and character- 
ization of OsiSAP8, a member of stress Associated protein 
(SAP) gene family from rice characterized by the presence 
of A20 and AN1 type Zinc finger domains. OsiSAP8 is a 
multiple stress inducible gene, induced by various 
stresses, namely heat, cold, salt, desiccation, submergence, 
wounding, heavy metals as well as stress hormone Abscisic 
acid. OsiSAP8 protein fused to GFP was localized towards 
the periphery of the cells in the epidermal cells of infil- 
trated Nicotiana benthamiana leaves. Yeast two hybrid 
analysis revealed that A20 and AN1 type zinc-finger 
domains of OsiSAP8 interact with each other. Overex- 
pression of the gene in both transgenic tobacco and rice 
conferred tolerance to salt, drought and cold stress at seed 
germination/seedling stage as reflected by percentage of 
germination and gain in fresh weight after stress recovery. 
Transgenic rice plants were tolerant to salt and drought 
during anthesis stage without any yield penalty as com- 
pared to unstressed transgenic plants. 

Keywords A20 and AN1 Zinc finger domains • 
GFP-fusion • Oryza sativa • OsiSAP8 ■ Yeast two hybrid • 
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OsiSAP8 is deposited in the Genbank with the Accession number 
AY345599. 
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Introduction 

Abiotic stresses, such as drought, salinity, extreme tem- 
peratures, high light intensities, exposure to heavy metals 
are serious threats to agriculture, as they adversely affect 
the growth and productivity of crop plants. Abiotic stress is 
the primary cause of crop loss worldwide, reducing average 
yields for most major crops by more than 50% (Boyer 
1982; Bray et al. 2000). Most abiotic stresses directly or 
indirectly lead to the production of free radicals and 
reactive oxygen species, creating oxidative stress 
(Oberschall et al. 2000). The burden of environmental 
stress on crop plants is likely to increase because of the 
climate changes associated with global warming. Further- 
more, with extension of crop cultivation to environments 
which are not optimal for the growth of crop plants, 
development of stress tolerant plants is becoming increas- 
ingly important (Kathuria et al. 2007). Transgenic 
approaches offer new opportunities to improve tolerance to 
abiotic stresses. Present engineering strategies rely on the 
transfer of one or several genes that are either involved in 
signaling and regulatory pathways, or that encode enzymes 
present in pathways leading to the synthesis of functional 
and structural protectants, such as osmolytes and antioxi- 
dants, or that encode stress-tolerance conferring proteins 
(reviewed by Wang et al. 2003; Vinocur and Airman 2005; 
Valliyodan and Nguyen 2006; Sreenivasulu et al. 2007; 
Kathuria et al. 2007). One important way of achieving 
tolerance to multiple stress conditions is to overexpress 
transcription factor gene(s) that control multiple genes 
from various pathways (Kasuga et al. 1999; Oh et al. 2005; 
Ito et al. 2006; Hsieh et al. 2002; Kim et al. 2004; Lee 
et al. 2006) or by overexpressing genes involved in abiotic 
signal perception and transduction (Shou et al. 2004; Teige 
et al. 2004; Saijo et al. 2000). 
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In the recent past, a new family of genes termed as SAP 
(Stress Associated protein) gene family was studied in rice 
for its role in abiotic stress conditions by expression pro- 
filing under those conditions (Vij and Tyagi 2006). SAP 
gene family members are characterized by the presence of 
A20/AN1 domain in their putative encoded proteins. 
Abstract proteins with A20/AN1 zinc-finger domain are 
present in all eukaryotes and are well characterized in 
animals. From Oryza sativa and Arabidopsis genome, 18 
and 14 genes, respectively, coding for SAP related proteins 
(SAP family) were identified (Vij and Tyagi 2006). The 
majority was found to have both the A20 zinc-finger 
domain (present at the N-terminus) and the AN1 zinc-fin- 
ger domain (present at the C-tenriinus). This is consistent 
with the previous finding from animal systems that the A20 
and AN1 zinc-finger domains are usually found associated 
with each other (Evans et al. 2004). 

Although the role of some of the A20/AN1 zinc-finger 
proteins in regulating the immune response has been well 
worked out in animal systems (Hishiya et al. 2006), very 
little information is available on such proteins from plants. 
The indica rice OsiSAPl (Oiyza sativa indica stress 
Associated protein 1) was identified as the first plant pro- 
tein having A20 and AN1 zinc-fingers present at the N- and 
C-terminus, respectively. It is found to be an intron-less 
gene present as a single copy gene in rice genome. 
OsiSAPl transcript was detected at higher levels in root 
and pre-pollination stage panicle. It was also shown to be 
overexpressing under several abiotic stresses like cold, salt, 
desiccation, submergence, heavy metals, mechanical 
wounding as well as with stress hormone abscisic acid 
(ABA) with in 15 min of treatment, hence the product 
might be required early after stress. In addition, overex- 
pression of this gene in transgenic tobacco lead to an 
increased stress tolerance as determined by cold-, dehy- 
dration- and salt-tolerance assays. Overexpression of 
OsiSAPl could help avoid stress-associated injuries such 
as chlorosis and cell death in transgenic plants and better 
recovery from stress (Mukhopadhyay et al. 2004). 

The mechanism or mode by which OsiSAPl confers 
stress tolerance is not known. From the nature of early 
induction, the OsiSAPl gene product might act early in the 
signal transduction pathway of stress response (Mukho- 
padhyay et al. 2004). It may use its zinc-finger domains for 
protein-protein interactions, as shown in case of ZnF216 
protein in humans with similar domain architecture (Scott 
et al. 1998). Co-immuno precipitation studies have shown 
that the A20 domain of ZnF216 interacts with itself, AN1 
domain and protein kinase domain of other proteins. AN1 
domain did not interact with itself but found to interact 
with A20 domain (Huang et al. 2004). 

Interestingly, all the members of the rice SAP gene 
family present in the rice genome showed inducibility to 



one or the other abiotic stresses (Vij and Tyagi 2006). It 
would be important to define the relative function of the 
members of this gene family in the life of the rice plant. 
Here in this study, we describe the isolation and functional 
characterization of OsiSAP8, a member of SAP gene 
family in rice which is induced by various abiotic stress 
treatments like salt, drought, cold, heat, desiccation, sub- 
mergence, wounding, heavy metals and ABA. Sub-cellular 
localization of OsiSAP8-GFP fusion protein indicated it to 
be a cytoplasmic protein. Yeast two hybrid analysis indi- 
cated that A20 and AN1 zinc-finger domains of OsiSAP8 
interact with each other. Thus, the present work provides 
the evidence for the first time that SAP gene family 
members may be cytoplasmic proteins and might carry out 
their functions via protein-protein interactions aided by 
A20 and AN1 zinc-finger domains. Overexpression of 
OsiSAP8 in transgenic rice and tobacco plants conferred 
tolerance to high salt (800 mM NaCl), drought (Water 
deficit for 23 days during anthesis) and cold (4 ± 1°C for 
4 days) stresses. 



Materials and methods 

Plant materials and treatments 

Indica rice cv IR-50 and Nicotiana benthamiana were used 
in the present study. Healthy seeds of rice were surface 
sterilized with 70% ethanol, rinsed thoroughly, soaked in 
double distilled water overnight, and the seedlings were 
raised on the water saturated cotton in a Biotron PHI 00 
growth chamber (Nippon, Japan) maintained at 28°C, 80% 
relative humidity and 16 h photoperiod (180 uEm^ 1 s~ ! ). 
After 8 days of growth, they are transferred to 100 ml 
beakers containing water (mock solution) and kept at 
4 ± 1°C for cold stress and 42°C for heat stress. The 
seedlings were also treated with 250 mM NaCl for salinity 
stress, 400 mM mannitol for drought stress. Desiccation 
stress was simulated by drying the seedlings on tissue 
paper and keeping them wrapped in dry tissue paper for the 
desired time. For submergence stress, the beaker with 
seedlings was submerged under water in a 2 1 glass beaker. 
Wounding stress inflicted by clipping the leaf margins 
at 1 cm intervals. For treatment with DMSO, cut leaves 
of seedlings were kept at 25°C for 6 h in presence of 
2 and 4% DMSO and control was kept at 25°C for 6 h 
in water. Abscisic acid (ABA) was dissolved in DMSO 
to make a stock of 10 mM and was diluted further in 
water. The seedlings were also treated with 50 mM of 
various sulphates or chlorides of Zinc, Cadmium, Mercury, 
Lithium, Calcium, Manganese and Magnesium for heavy 
metal stress. 
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Isolation of OsiSAP8 

In this study, an attempt was made to isolate cDNA inserts 
from rice root cDNA library (cloned in Lambda ZAP 
vector, stratagene) by PCR amplification. For this, a small 
number of random clones from rice root cDNA library 
were picked up and the cDNA inserts cloned directionally 
in the EcoRI (5' end) and Xhol (3' end) sites of phagemid 
vector were PCR amplified using T3 and T7 primers 
specific for the T3 and T7 promoter regions located on 
either side of multiple cloning site (MCS). About - 1.2 kb 
amplicon obtained from one of the clone (phage lysate) 
was electro-eluted and cloned into Xcml digested 
pXcmKnl2 vector (National Institute of Genetics, Japan) 
to obtain pKVZn. The total cDNA sequence of 1,132 bp 
was obtained by end sequencing of cDNA clone using 
M13F and M13R primers. The sequence was deposited in 
the Genbank with the accession number AY345599. Bio- 
informatic analysis revealed it to be identical to 0.?SAP8 
from japonica, hence the gene was designated as OsiSAP8 
(Oryza sativa indica Stress Associated Protein 8). 

RNA blot analysis 

Total RNA was isolated using TRIreagent kit (Sigma 
Aldrich, Bangalore, India) according to the manufacturer's 
protocol. RNA gel blot analysis was performed using 
NorthernMax Kit (Ambion, USA) according to manufac- 
turer's instructions. About 10 \xg of total RNA was 
electrophoresed on a 1% formaldehyde gel and blotted onto 
a positively charged nylon membrane (BrightStar-Plus 
Membrane, Ambion, USA). The membrane was probed 
with a- 32 P labeled OsiSAP8 cDNA fragment, using 
standard procedures (Sambrook and Russell 2001). 
Hybridization was detected by autoradiography. Ethidium- 
bromide-stained rRNA bands from identical samples 
served as control for total RNA quantity and quality. 

Semi-quantitative RT-PCR analysis 

Total RNA was isolated from the rice seedlings subjected 
to various stress treatments using TRIreagent kit (Sigma 
Aldrich, Bangalore, India) according to the manufacturer's 
protocol. RT-PCR using 3 ug of DNase-treated RNA 
samples was performed with 1 uM OligodT (15 mer), 
1 uM random hexamers, lx RT buffer, 10 uM dNTPmix 
(MBI Fermentas), 10 U RNase inhibitor (MBI Ferrnentas) 
and 200 U M-MLV reverse transcriptase (MBI Fermentas). 
The reaction mixture was incubated at 42°C for 1 h and 
then M-MLV was heat inactivated at 92°C for 2 min. PCR 
was performed in a volume of 25 \il containing the 



appropriate amount of cDNA template, 20 uM each of 
dNTP, 2 mM MgCl 2 , 5 uM of random primer (decamers), 
1 x PCR buffer and 1 U Taq DNA Polymerase (MBI Fer- 
mentas). The cycle parameters in the PCR programme were 
as follows: 94°C for 3 min, [25 cycles for GAPDH (house- 
keeping gene control) and 30 cycles for OsiSAP8] of: 94°C 
for 30 s, 55°C for 30 s, 72°C for 2 min followed by a final 
extension at 72°C for 7 min. The following primer sets 
were used to amplify each transcript specifically: (SAP8for: 
5'-ATGGAGCACAAGGAGACT-3', SAP8rev: 5'-CTAAAT 
TTTGTCAAGTTTCTC-3'; GAPDHfor: 5'-GGCGCAGCA 
GCTCTCCGC-3', GAPDHrev: 5'CTCAGCTCCAAAGT 
TATCC-3'). About 20 ul of each PCR product was ana- 
lyzed by agarose gel electrophoresis on a 1.5% agarose gel 
stained with ethidium bromide (0.5 fig ml" 1 ). To ensure 
reproducibility the experiment was replicated; both exper- 
iments produced identical results. 



Construction of GFP-fusion 

Total mGFP was amplified from pBINmGFP vector using 
the primers 5'-CGCGGATCCATGGTGAGCAAGGGC 
GAGGAG-3' and 5 / -ACGC GTCGAC TTACTTGTACAG 
CTCGTCCATG-3'. BamHL and SaR restriction sites 
(underlined) were introduced to facilitate cloning in the 
corresponding sites of pBTEX binary vector to generate 
pBTEX-GFP. The coding region sequence of OsiSAP8 
without the stop codon, amplified using the primers 
5 / -ACT GGTACCA TGGAGCACAAGGAGACT-3 / (Kpnl 
site is underlined) and 5 / -GCC GGATCCA ATTTTGT 
CAAGTTTCTC-3' (BamHI site is underlined) from the 
full-length clone pKVZn, was cloned into the Kpnl and 
BamBl sites of pBTEX-GFP vector to generate pBTEX- 
GFP-SAP8 construct. The constructs pBTEX-GFP and 
pBTEX-GFP-SAP8 were individually mobilized in Agro- 
bacterium strain EHA105 (Hood et al. 1993) using 
freeze-thaw transformation (Chen et al. 1994), 



Plant agro-infiltration and confocal microscopy 

Leaves of N. benthamiana were infiltrated with Agrobac- 
terium strains containing the above constructs (Llave et al. 
2000). After 48 h of infection, the leaves were harvested 
and observed under a laser scanning confocal microscope 
for detecting the fluorescence. The images were acquired 
by an Olympus IX81/FV5O0 confocal microscope using an 
argon laser (488 nm), a green helium/neon laser (543 nm) 
and the PLAPO60XWYLSM/NA 1 .00 WD 0.15 mm objec- 
tive. Image analysis was carried out using the Fluoview 
500 software. 
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Yeast two hybrid analysis 

For analyzing the interactions between A20 and AN1 zinc- 
finger domains of OsiSAPS, first, A20 region and AN1 
region were PGR amplified using ZnA20F 5'~ GAATTC 
CAGCCAAAAGGCCCGA-3' and ZnA20R S'-CTCGAG 
GCTCCTGCTTC ATT AT-3' ; ZnANlF 5'-GAATTCCCC 
AAGGGGAGGGAAG-3' and ZnANIR 5'- CTCGAGC GA 
TAGTCAAACTGGC-3', respectively. Restriction sites 
(underlines) were included to facilitate cloning into the 
appropriate vectors pEG202 (LexA DNA binding vector) 
and pJG4-5 (LexA activation domain vector). The PCR 
products were first cloned into T-tailed vector (pXcmKnl2) 
followed by cloning into yeast vectors resulting in pJGA20, 
pEGA20, pJGANl and pEGANl constructs. EGY48+ 
(Erica Golemis Yeast), which is deficient in synthesis of 
histidine, tryptophan and leucine (Ausubel et aL 1995) was 
used as host cells. Competent cells of Saccharomyces 
cerevisiae strain EGY48* for transformation were prepared 
according to the Sigma yeast transformation kit and were 
co-transformed with the yeast two-hybrid vector constructs 
pEGANl, pJGANl, pEGA20 and pJGA20 and empty 
vectors pEG202 and pJG-4-5 in different combinations. To 
eliminate the false positives, empty vector pEG202 was 
used as a negative control along with pJGANl or pJGA20 
to transform the EGY48+ cells. Transformants were 
selected on selective dropout medium with out histidine, 
tryptophan and uracil. For qualitative analysis of /?-galac- 
tosidase activity, the colony-lift filter assay on Whatman #3 
was used. Quantitatively, /?~galactosidase activity was 
assayed in liquid culture using o-nitrophenyl fi-D galacto- 
side (ONPG) as a substrate. Both the assays were done 
according to the yeast protocols in Clontech manual. For 
quantifying yeast cell growth, cells were grown in dropout 
minimal medium lacking tryptophan, histidine and uracil to 
OD 60 o = 0.5. Serial dilutions of the cultures were prepared 
and a 10 ul sample of each dilution was spotted onto 
minimal medium deficient for leucine, tryptophan, histi- 
dine and uracil. 



Plant transformation 

To overexpress OsiSAP8 in tobacco {Nicotiana benthami- 
ana) and rice (Oryza sativa cv IR-50), the cDNA was 
cloned under Ubiquitin promoter and Nos terminator in 
pUC19 vector backbone. The resulting vector, pUbSAP8s 
and another vector pHX4 (harboring hygromycin phos- 
photransferse (hph) gene under CaMV35s and Nos 
terminator) were co-bombarded into tobacco and rice 
explants by biolistic gene delivery system. Rice (cv ER-50) 
tissue culture, bombardment and selection of hygromycin 
resistant calli were done according to the protocols of 



Anoop and Gupta (2003). For biolistic transformation of 
tobacco, leaf discs were used as explants and the procedure 
was same as used for rice transformation (Anoop and 
Gupta 2003) with small differences in the culture medium. 
MS medium with 0.1 mg/1 NAA + 1.0 mg/1 BAP + 0.25 
M sorbitol 4- 0.25 mannitol + 0.25% phytagel was used as 
osmoticum and MS medium supplemented with 0.1 mg/1 
NAA and 1.0 mg/1 BAP was used for subculture. The 
transformed leaf discs were selected on selection medium 
(MS medium supplemented with 0.1 mg/1 NAA, 1.0 mgA 
BAP and 50 mg/1 hygromycin B). The integration of 
transgene in different rice and tobacco lines was confirmed 
by southern analysis, and for RNA blot analysis, RNA was 
isolated from leaves to evaluate the expression of intro- 
duced gene. OsiSAP8 cDNA was used as radiolabeled 
probe for both southern and northern blot analysis. 

Leaf disc assay 

One cm leaf segments were cut from both rice and tobacco 
and were floated on 0, 200, 400, 600 and 800 mM NaCl 
solution for 72 h and at the end of 72 h chlorophyll reten- 
tion in each sample was calculated. Total chlorophyll 
estimation from rice and tobacco leaves was performed 
using DMF method (Porra 2002). About 20 mg leaf tissue 
added to the eppendorf tube containing 800 ul DMF (N-N 
dimethyl Formamide) and incubated in dark for 2 h at room 
temperature. After completion of 2 h, the OD of the solvent 
was taken at 663.8 and 646.8 nm wavelengths. The total 
chlorophyll content was calculated using the following 
formula: [Chi a] = 12.00 x A663.8 - 3.11 x A646.8; 
[Chi*] = 20.78 x 646.8 - 4.88 x A663.8;[Chla + b] = 
17.67 x A646.8 + 7.12 x A663.8. 



Analysis of tobacco transgenics for abiotic stress 
tolerance 

To test the ability of the transgenic tobacco to survive in 
high salt conditions, analysis was performed at germination 
stage. At the germination stage, surface sterilized control 
(wild-type) and transgenic seeds were placed in 1/2 
strength MS medium with out sucrose supplemented with 
150 mM NaCl. After 7 days of incubation at 28°C, 
%-germination, root and shoot lengths and fresh weights 
were determined. To test the ability of the transgenic 
tobacco to survive in low water conditions, analysis was 
performed at germination stage. At the germination stage, 
surface sterilized control (wild-type) and transgenic seeds 
were placed in 1/2 strength MS medium with out sucrose 
supplemented with 300 and 400 mM mannitol. After 
7 days of incubation at 28°C, percentage germination, root 
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and shoot lengths and fresh weights were detennined. Later 
the seedlings were transferred back to water and grown for 
8 more days for recovery. For cold stress analysis, 12-day- 
old tobacco seedlings grown on 1/2 strength MS medium 
with out sucrose in sterile petriplates were transferred to 
4 ± 1°C for 96 h. At the end of 4 days, the plate with 
seedlings was transferred back to 28 °C for 15 days for 
recovery. At the end of the recovery period, the fresh 
weights of the seedlings were measured. PCR analysis with 
OsiSAP8 specific primers indicated that all the transgenic 
lines are salt tolerant and all salt sensitive lines are non- 
transgenic. Thus, the contribution of salt sensitive (segre- 
gating, non-transgenic) seedlings in Tj generation that did 
not harbor the transgene was excluded from the total 
number of seedlings analyzed for each line to assess the 
stress tolerance. All experiments were repeated at least 
twice and the average values were represented. 

Analysis of rice transgenics for abiotic stress tolerance 

For salt stress analysis at germination stage, transgenic rice 
seeds were surface sterilized and placed in petriplates 
having cotton beds saturated with 200 mM NaCl solution. 
Seeds were allowed to germinate for a period of 7 days 
under 16 h L/8 h D period at 28°C At the end of the 
7 days, the germinated seeds were counted and the per- 
centage germination was calculated. Root and shoot 
lengths along with fresh weight were also determined. 
After 7 days, the plantlets were transferred to water and 
grown hydroponically for 8 more days for recovery and at 
the end of recovery phase again the root and shoot lengths 
along with fresh weight were determined. For stress at 
plantlet stage, 30-day-old rice plants grown in the pots 
were subjected to salt stress with 200 mM NaCl for 
4 weeks and transferred to another pot without salt and 
allowed to grow and set seeds. The number of spikes and 
number of mature seeds obtained per each plant were 
counted. To test the ability of the transgenic rice plants to 
survive in low water conditions, analysis was performed at 
germination stage and anthesis stage. At the germination 
stage, surface sterilized control (wild-type) and transgenic 
seeds were placed in 300 and 400 mM mannitol solution 
saturated cotton beds in sterile petriplates. After 7 days of 
incubation at 28°C, % germination, root and shoot lengths 
and fresh weights were determined. Later the plantlets were 
transferred to water and grown hydroponically for 7 days 
for recovery. After recovery phase, the shoot and root 
lengths and fresh weight of the seedlings were measured. 
Drought stress at the anthesis stage was given by with 
drawing water from 120-day-old mature plants for 23 days, 
and the agronomic traits like plant height, panicle number 
and number of seeds set were also determined. For cold 



stress analysis, 12-day-old rice seedlings grown hydro- 
ponically were transferred to 4 ± 1°C for 96 h. At the end 
of 4 days, the seedlings were transferred to water at 28°C 
for 5 days for recovery. At the end of the recovery period, 
the fresh weights were measured. 



Computer analysis 

We performed the BLAST search of the rice genomic 
database at NCBI (http://www.ncbi.nlm.nih.gov/Blast/ 
Genome/PlantBlasLshtml, Altschul et al. 1997) for the 
genomic sequence of this gene. Various tools from Expasy 
(http://www.expasy.org/tools) were used to deduce the 
translated product and compute theoretical pi and molec- 
ular weight. The putative domains were identified using the 
interproscan search (http://www.ebi.ac.uk/interproscan/, 
Quevillon et al. 2005). The degree of aminoacid sequence 
identity was determined by the use of Wu-Blast from 
EBI (http://www.ebi.ac.uk/blast2, Altschul et al. 1990). 
Multiple sequence alignments involved use of ClustalW 
(http://www.ebi.ac.uk/clustalW, Thompson et al. 1994) 
The exacting regulatory elements in the promoter region 
were predicted using PLACE database (http://www.dna. 
affrc.go.jp/PLACE, Higo et al 1999). 



Results and discussion 

OsiSAP8 is a single copy gene and belongs to SAP gene 
family from rice 

Computational translation of the 1,132 bp cDNA clone 
isolated from rice root library indicated that its 516 bp 
coding region codes for a protein of 171 aminoacids with a 
predicted molecular mass of 18.4 kDa (Fig. 1A). Homol- 
ogy searches run with the full-length aminoacid sequences 
of the cDNA clone revealed significant similarity to Stress 
Associated proteins from Rice and Arabidopsis (Vij and 
Tyagi 2006). The identity values at the aminoacid levels 
varied in between 99 to 40% with the Oryza sativa SAPs 
and 61 to 36% with that of Arabidopsis SAPs. Since the 
cDNA clone has shown 99% identity to OsSAP8 from 
japonica rice, it was designated as OsiSAP8 (Oryza sativa 
indica stress associated protein 8). In silico analysis 
revealed that its actual transcript size is of 1,239 bp with a 
coding region of 516 and 151 bp of 5' untranslated region 
and 559 bp of 3' untranslated region. 

The conserved domain search of OsiSAP8 aminoacid 
sequence in NCBI and the interproscan in EBI server 
predicted the presence of two Zinc finger domains char- 
acteristic of SAP gene family in plants, namely ZnF-A20 at 
N-terminus end, spanning from 11-45 aa residues and 
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Fig. 1 The nucleotide 
(1,132 bp) and deduced 
aminosequence (171 aa) of 
OsiSAP8. The position of start 
(atg) and stop (tag) codons are 
indicated in blue letters. The 
A20 domain and AN1 domain 
of the peptide are indicated in 
green and red letters, 
respectively (A). Comparison of 
deduced aminoacid sequence 
from OsiSAP8 and other zinc- 
finger proteins. Conserved 
cysteines and histidines are 
indicated in bold type. 
Conservation of the aminoacids 
at N-terminal A20 type zinc- 
finger (B) and the C-terminal 
AN1 type zinc-finger (C) of 
OsiSAP8 vis-a-vis ZFAN5 
(ZnF2 1 6) of humans 
(AAC61801.1) and mouse 
(AAC42600.1), ZFAN6 of 
human (AAH05283) and rat 
(AAH76394), AWP1 (PRK-1 
associated protein) protein of 
mouse (CAC14886.1) and 
humans (CAC14876.1) and 
ANUBL1 (AN1, Ubiquitin like 
protein, AAH48967.1) of 
humans. Conserved positions of 
cysteine and histidine residues 
were marked by asterisk (*) 



(A) latcgcgcggaggaaaaaaaaaagaaaagggcttcctcgtcgtctaagttaaaaggaagcc 
atggagcacaaggagactggatgccagcagccaaaaggcccgatcctttgcatcaataac 

MEHKETGCSQPKGPILCXN H 
tgcggcttctttggcagtgcggctaccatgaacatgtgctcaaagtgccacaaggagatg 

C6 .FFG SAAT MNM C S KCHKB H 
ataatgaagcaggagcaggccaagctggcagcctcctctatcgacagcattgtcaatggt 

IMKQEQAKLAASS IDS I V N G 
ggtgattccgggaaggaaccaattattgctggtcacgctgaagtagct.gttgctcaagtc 

GDSGKEP I IAGHAEVAVAQV 
gaggtgaagacgcttgttgcgcagcctgctgagattgctggccctagtgagggggtcacg 

EVKTLVAQ PAE IAGPSEGVT 
gtgaaccccaaggggagggaaggaccaaatcggtgctccacttgtcggaagagggttggt 

V K PKGREGPHRC 5 T C R K R V G 
cttaccggattcaactgccgatgtggcaacttgtactgcgcaatgcaccgctattccgat 

% T GFNCRC GHL Y C A M H R Y S D 
aagcatgactgccagtttgactatcggaccgctgctagggatgctattgccaaggctaat 

K M t> C Q F B Y R 7 A A R D A I A K A H 
ccggtggtgaaggcggagaaacttgacaaaatttaggggtttcatatggttggtgaacga 

FVVKAEKLDKI 
agcgtcacaatctgcggtcttcatcatccatctttgctgcattatccatgccttttcctt 
tcatgttggctgctacaatctagttgttcggcatttgtgatgcatggcacaccacggcag 
cttcaagaaccctcatctctggtcagtccgaatggtttgcatgttggctatgttgtgtaa 
gctttatttatgatcgtcttgcgctgacggtattgtggcttcgcatttagctagctctgt 
aatgtactattgtatccgaagtgttacattgcaaccagtaatagtaatcagcaatcgtcc 
gttatatggtactgatgaccattcctgtgtgcagtacatctcaatcttctacatggtaaa 
ctctgggtgaggattcacaatatatatactacctggatatctcccacaaagacttgttta 
gaagtttaggtgacctggtgagaatgtggttctgtggttggtttgtgtaggctttggctt 
tacctggatattatacactggaatatatacttttgcatgtggaaaaaaaaaa 1132 



(B) 



QsiSAPB 
2FAN5_huraan 
2 FAN Spinous© 

AWPl_mus 
AWP Inhuman 
2 FAN 6 human 



12 KGPILCINNCGFFGSAATMNMCSKCHKEMIMKQ 4 5 

61 -GP4LC CGF*G+ — T — MCS-C+KE-+-+Q 91 

-GP+LC CGF+G+--T--MCS-C+KE-+-4-Q 3 0 

+-P+LC CGF+G+ — T — MCS-C+KE-+-+Q 4 0 

+-P+LC CGF+G+ — T — MCS-C+KE-+-+Q 40 

— P+LC CGF+G+ — T — MCS~C+KE-+-+Q 4 0 



— P+LC CGF+G+--T — MCS-C+KE~+~+Q 4 0 



(C) OsiSAP8 112 KGREGPNftCSTCRKRVGLTGFNCRCGNLYCAMHRYSDKHDCOFDYRTAA 160 

EFANSJiuman 14 6 N RC — CRK+ VGLTGF +CRCGNL+C-+HRYSDKH+C- +DY+ — A 194 

ZFAN5_inouse 146 -N RC — C RK+ VG LT GF + C RCG N L+ C - +HRYS DKH+ C- + D Y + - ~A 194 

ZFAN6Jiuraan 141 K~4-+~^NRC---CRK+VGIiTGF+CRCGNL+C--fHRYSDKH+C~++Y+--A 189 

2FAN6jrat 141 — NRC — CRK+VGLTGF+CRCGKL+C-+HRYSDKH+C-++Y+— -A 189 

AWPljmouse 156 — NRC — CRK+VGLTGF+CRCGNL+C— fHRYSDKH+C-+-fY+^ — A 204 

AWPlJiuman 1S6 K~*+ — NRC — CRK+VGLTGF+CRCGNL+C-+HRYSDKH+C-++Y+ — A 204 

ANUBL1 human 585 — +4—N-C-- C->K+~GL~+-+CRCGN-+CA-HRY4-+-H~C-+DY++~A 634 



ANl-type zinc finger domain at the C terminus spanning 
from 109-152 amino acid region with the consensus 
sequence of Cx 2 Cx 9 _ 12 Ocx _ 2 ^4^ X J^5^ JC ^ where x 
represents any aminoacid (Fig. 1A). The aminoacid 
sequence also shows the presence of potential protein 
kinase phosphorylation site at 63-65 aa region and an N f 
myristoylation site at 129-134 position. The protein has no 
detected signal sequence and the pSORT analysis shows 
that the protein is hydrophilic. Similar domain architecture 
is found in the human ZNF216 protein involved in immune 
responses (Huang et al. 2004). In plants, 18 genes from rice 
and 14 genes from Arobidopsis were identified to code 
for SAP related proteins. SAP gene family members are 
characterized by the presence of A20/AN1 domains in their 
putative encoded proteins. Abstract proteins with A20/AN1 
zinc finger domains are present in all eukaryotes and are 



well characterized in animals. In consistent with the finding 
from animal systems that A20 and AN1 zinc finger 
domains are usually found associated with each other 
(Evans et al. 2004), the majority of plant SAP gene family 
members have both the A20 (present at the N-terminus) 
and AN1 (present at the C-terminus) zinc finger domains. 
The A20 zinc-finger domain was first identified in the 
C-terminus part of a TNFa-inducible protein in human 
endothelial cells (Dixit et al. 1990; Opipari et al. 1990) and 
is characterized by multiple Cys2/Cys2 finger motifs 
(Opipari et al. 1990). This protein plays an important role 
in regulating the immune response by inhibition of NFtcB 
activity. The AN1 domain was first identified as a putative 
zinc-finger domain in the proteins coded by the Xenopus 
laevis animal hemisphere- 1 (AN1) maternal RNA (Linnen 
et al. 1993). 
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Genes showing homology to the conserved region 
encoding the zinc finger of OsiSAP8 have been annotated in 
other plant species such as Maize (AAS00453.1), Citrus 
(ABL67658.1), Camellia (ABI31653.1), Medicago 
(ABN08135.1), prunus (AAD38146.1) and Phaseolus 
(AA33773). AN1 domain of OsiSAP8 showed 89, 81, 88, 77 
and 80% identity and A20 domain showed 96, 87, 72, 72 and 
78% identity to its homologues from Maize, Citrus, 
Camellia, Medicago and prunus, respectively. AN1 domain 
of OsiSAP8 also showed 73% similarity to PVPR3 
{Phaseolus vulgaris pathogen related protein, Sharma et al. 
1992). Apart from the plant homologues, the A20 and AN1 
domains also showed homology to several mammalian 
zinc-finger proteins including the human and mouse PRK1- 
associated protein AWP1 (CAC14886.1, CAC14876.1, 
Duan et al. 2000), human and mouse ZFAN5 (AAC61801. 1, 
AAC42600.1 ZNF216 proteins, Scott et al. 1998) and 
human and rat ZFAN6 proteins (AAH05283, AAH76394, 
Strausberg et al 2002). AM domain of OsiSAP8 is also 
homologous to the AN1 domain of human ANUBL1, AN1 
and ubiquitin like protein (AAH48967.1, Strausberg et al. 
2002). The cysteine and histidines residues of A20 and AN1 
that were predicted to be involved in forming the zinc finger 
were shown to be conserved between the OsiSAP8 and its 
mammalian homologues (Fig. IB, C). 

OsiSAP8 is a single copy gene as determined by 
southern analysis (data not shown). Even the Blast analysis 
revealed that the OsiSAP8 cDNA sequence showed 
99% identity to the genomic sequences of a single 
contig Ctg020246 from chromosome 6 (Acc. No: 
AAAA02020246.1) of indica rice representing essentially 
the same gene. To localize OsiSAP8 gene in the rice gen- 
ome, its cDNA sequence was used as query for the BLAST 
search against nipponbare (Oryza sativa L, japonica) 
database at GRAMENE (http://www.gramene.org/db/ 
searches/blast). Only a single clone AP003626 located at 
the locus LOC__Os06g41010 was predicted to be 100% 
identical to the OsiSAP8 sequence. According to the 
physical map of Nipponbare, OsiSAP8 locates in the region 
24.490982-24.493135 MB on the lower arm of chromo- 
some 6. Comparison of full-length cDNA to its genomic 
DNA sequence revealed that a 2,159 bp genomic DNA 
sequence, spanning all the exons, represents OsiSAP8. It is 
composed of three exons of 89, 62 and 1,088 bp separated 
by two introns of 176 and 739 bp, respectively. Both the 
introns were found in the 5'UTR region and the coding 
region is continuous without any intron and is encoded 
exclusively by exon 3. In silico analysis also predicted 
three other splice variants for this gene with different 
transcript sizes of 1,225, 1,140 and 1,322 bp, because of 
different splice sites in the 5'UTR. All the splice variants 
were shown to code for same polypeptide and differ only in 
the 5'UTR region. 



OsiSAP8 is a multiple stress inducible gene 

All the SAP gene family members were shown to be 
inducible by one or the other kind of stress (Vij and Tyagi 
2006). OsiSAPl was shown to be induced within 15 min 
with salt, drought, cold, desiccation, submergence, cold, 
wounding, ABA and heavy metals (Mukhopadhyay et al. 
2004). In silico analysis of 1.5 kb genomic sequence 
upstream to the transcriptional start site of OsiSAP8 
(retrieved from the sequence of contig of indica rice 
showing 100% identity to OsiSAP8 cDNA) using PLACE 
database predicted the presence of several exacting reg- 
ulatory elements involved in stress-responsive gene 
expression such as ABA-responsive element (Simpson 
et al. 2003), MYC elements (Abe et al. 2003), W-box 
(Yamamoto et al. 2004) and gibberellic acid responsive 
element (Morita et al. 1998). Therefore, in this study, an 
attempt was made to validate the functionality of respon- 
sive elements experimentally. For this, northern blot was 
performed with the total RNA extracted at different time 
intervals from 8-day-old rice seedlings subjected to various 
stress treatments, using the OsiSAP8 cDNA as probe. The 
gene is induced under several abiotic stresses. The tran- 
script levels increased to higher level within 2 h after salt 
stress to seedlings and the level continued to increase till 
12 h and declined thereafter. However, even at 24 h the 
mRNA level was more than that of control (Fig. 2A). In 
case of drought stress, transcript levels peaked within 2 h 
and the level continued till 24 h (Fig. 2B). With desicca- 
tion stress the transcript levels increased to higher level 
within 2 h and declined after 12 h (Fig. 2C). The transcript 
levels were increased gradually with the increase in time of 
exposure of seedlings to heat stress (Fig. 2D). In case of 
submergence stress, different induction kinetics was 
observed. The gene was induced within 2 h and maintained 
higher transcript levels till 24 h, however with a slight 
decline at 6 h (Fig. 2E). Similar results were observed with 
OsiSAPl (Mukhopadyay et al. 2004). The transcript level 
was increased to very high levels within 2 h of wounding 
stress and was maintained till 4 h, after which its mRNA 
levels drastically decreased to the level of control at 6 h 
(Fig. 2F). OsiSAP8 transcript levels was increased to 
higher level within 2 h after cold stress to seedlings and the 
level remained same till 6 h and started declining there- 
after. However, even at 12 and 24 h the transcript level was 
more than that of control (Fig. 2G). The cold induced 
membrane rigidification is considered to be the primary 
event in the cold perception by plants (Orvar et al. 2000). 
The treatment of seedlings with membrane rigidifier 
DMSO significantly increases the OsiSAP8 expression 
(Fig. 2H). The gene was also found to be responsive to 
different heavy metals. Essentially, treatment with zinc, 
copper, cadmium and calcium salts led to significant 
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increase in transcript level by 3 h and continued till 6 h. 
Manganese and Lithium salts had only marginal effect on 
mRNA level. Mercury salt reduced the mRNA level pos- 
sibly because of the toxic effect of mercuric chloride 
(Fig. 21). OsiSAP8 gene responded to ABA at concentra- 
tions as low as 1 uM; the expression peaked at 4 h after 
treatment of seedlings with 1 uM ABA and declined 
thereafter. However, with the increasing concentration of 
ABA, the steady-state transcript level was maintained for a 
longer duration as the mRNA level declined at 12 h with 
10 uM ABA and at 24 h with 100 uM ABA (Fig. 2J). This 



shows that OsiSAP8 is regulated by ABA in dose depen- 
dent manner. Semi-quantitative RT-PCR analysis 
performed with OsiSAP8 specific primers indicated that the 
transcript levels increased within 30 min after the seedlings 
were subjected to various stresses except the heat stress 
(Fig. 2K). 

This kind of upregulation of OsiSAP8 within 30 min 
upon exposure to various stresses like salinity, drought, 
desiccation, cold, submergence, wounding, heavy metals 
and ABA suggests that its product might be required during 
early phase of stress response. Such early induction of gene 



Fig. 2 Expression pattern of 
OsiSAP8 after different stresses 
to rice seedlings: salt (A), 
drought (B), desiccation (C), 
heat (D), submergence (E), 
wounding (F), cold (G), DMSO 
(chemical modulator of 
membrane fluidity) (H), heavy 
metals (I) and ABA (J) Con 
represents the RNA from the 
control plant with out any stress 
treatment. 0, 2, 3, 4, 6, 12, 24 
and 48 represents the time in 
hours for which stress treatment 
was given. OsiSAP8 cDNA was 
used as a radiolabeled probe for 
northern hybridization in all 
cases. The lower panels in all 
cases show ethidium bromide- 
stained rRNA for equivalent 
loading and RNA quality. 
RT-PCR analysis was 
performed with OsiSAP8 
specific primers from the RNA 
isolated from the rice seedlings 
subjected to water (Con), Salt, 
Drought (Dro), Desiccation 
(Des), Submergence (Sub), 
Wounding (Wou), Cold and 
Heat stress (I, upper panel) 
GAPDH amplification was used 
as internal control (I, lower 
panel) 30 and 60 represents the 
time in rain for which the 
treatment was given 
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expression has also been observed under different stress 
conditions for various genes like desiccation and salt 
induction of RD29 (Yamaguchi-shinozaki and Shinozaki 
1993, 1994), desiccation induction of COR47 and ERD10 
(Welin et al. 1994; Kiyosue et al. 1994) and salt induction 
in case of OsLEA3 (Moons et al. 1997) as well as desic- 
cation, salt or ABA induction of RD22 (Abe et al. 1997). 
The functions of these genes are not well defined. Some 
genes with known functions like CDPKs (Calcium depen- 
dent protein kinases, Urao et al. 1994; Saijo et al. 2000) and 
CBF (c-repeat binding factor gene, Shinozaki and Yamag- 
uchi 1997; Kizis et al. 2001) are also induced to high levels 
early after drought/ salt and cols stress, respectively. 

Transgenic tobacco and rice seedlings harboring 
OsiSAP8 are tolerant to abiotic stresses 

Many stress responsive genes isolated from rice were 
shown to increase the level of stress tolerance in rice 
when overexpressed. For example, overexpression of 
OsDREBIA, OsDREBIB (Ito et al. 2006) and OsCDPK7 
(Saijo et al. 2000) in rice conferred tolerance to drought, 
high salt and cold. Similarly, overexpression of SPL7 (rice 
heat stress responsive factor, Yamanouchi et al. 2002), 
OsCDPKB (Calcium dependent protein kinase, Abbasi 
et al. 2004), OsPTF (rice Pi starvation induced transcrip- 
tion factor, Yi et al. 2005), SublA (rice submergence stress 
tolerant locus, Xu et al. 2006) and OsNHX4 (rice Na + /H + 
transporter gene, Fukuda et al. 2004) led to increased 
levels of tolerance to heat, cold, phosphate deficiency, 
submergence and salt tolerance. 

Overexpression of a gene in both homologous and het- 
erologous system may not always yield same results, for 
example, overexpression of Arabidopsis DREBla under 
constitutive promoter led in Arabidopsis resulted in 
improved tolerance to drought, salinity and freezing stress 
but with severe plant growth retardation under normal 
conditions of growth (Kasuga et al. 1999). However, con- 
stitutive expression of same gene in rice plants improved 
tolerance to drought and salinity but to a very little extent 
to cold stress (Oh et al. 2005). 

Previously OsiSAPl was overexpressed in tobacco 
(Nicotiana tabacum var. Xanthi) and the transgenic 
tobacco lines were tolerant to cold (8 ± 1°C for 15 days), 
dehydration (300-400 raM mannitol) and salt (250 mM 
NaCl) stresses. It was found that the percentage germina- 
tion, fresh weight, chlorophyll retention, leaf development 
of transgenic lines were always better as compared to 
control (wild-type) plants when grown under stressed 
conditions (Mukhopadhyay et al. 2004). In this study, we 
attempted to study the effect of OsiSAP8 overexpression in 
both homologous (Oryza sativa) and heterologous 



{Nicotiana benthamiana) systems. For this, southern blot 
analysis of five tobacco lines (TS1, TS2, TS3, TS4 and 
TS5) and five rice plants (RSI, RS2, RS3, RS4 and RS5) 
was performed which indicated that the integration pattern 
of OsiSAP8 gene was same in TS2 and TS5 lines of 
tobacco and RS3 and RS4 lines of rice. Thus, four trans- 
genic tobacco lines (TS1, TS2, TS3, TS4) and four rice 
lines (RSI, RS2, RS3 and RS5) harboring pUbSAP8s, as 
confirmed by southern blot analysis (data not shown), and 
constitutively expressing OsiSAP8 (Fig. 3A, B) were ana- 
lyzed for stress tolerance in both T 0 and Tj generations. 

Since, OsiSAP8 was shown to be a multiple stress 
inducible gene, in this study an attempt was made to test the 
T 0 transgenic lines for their salinity tolerance by floating 
leaf-discs on various concentrations of NaCl for 72 h and 
estimating chlorophyll retention. Similar results were 
observed with both tobacco and rice transgenic lines. It was 
observed that the transgenic leaf segments could retain 
-95, -92, -89 and -84% of chlorophyll in contrast to 
the leaf segments from the control plants that could retain 
only -78, -56, -30 and 24% of chlorophyll when 
exposed to 200, 400, 600 and 800 mM NaCl, respectively 
(Fig. 3D, E). Also, the damage caused by stress was 
reflected in the degree of bleaching in the leaf tissue after 
72 h. It was evident that salinity-induced loss of chlorophyll 
was lower in OsiSAP8 over expressing lines compared with 
those from the control plants (Fig. 3C). The results indicated 
that the transgenic tobacco and rice plants overexpressing 
OsiSAP8 have better ability to tolerate salinity stress than 
control (untransformed) plants. Also OsiSAP8 transgenic 
tobacco lines could withstand 800 mM NaCl stress com- 
pared to Cte/SAPl-overexpresing tobacco lines, which could 
tolerate 250 mM NaCl stress (Mukhopadhyay et al. 2004). 

For determining the effect of OsiSAP8 overexpression 
on the salt tolerance of Tj transgenic plants, seeds from 
both transgenic and control (wild-type) plants of tobacco 
and rice were grown as described in "Materials and 
methods". Similar results were observed with both rice and 
tobacco transgenic lines. Under salt stressed conditions, 
seeds from transgenic lines showed 100% germination as 
compared to 20% germination by seeds from control plants 
after 7 days of germination (Table 1, Fig. 4 A, B). Trans- 
genic lines from both tobacco and rice showed better 
growth under stressed conditions as reflected by the lower 
levels of reduction in average shoot length, root length and 
fresh-weight relative to the unstressed control (Table 1, 
Fig. 4D). It was also observed that the transgenic plants 
recovered better than control plants, when transferred to 
normal growth conditions after stress, as evinced by gain in 
fresh weight (Table 1) and also by visual appearance 
(Fig. 4C-E). Salt induced chlorosis was observed in both 
the recovered control and transgenic lines, but was much 
less in transgenic seedlings (Fig. 4C-E). 
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Fig. 3 Analysis of transgenic lines in T 0 generation. Expression of 
OsiSAP8 in leaves of untransformed control (TC), transformed (TS1, 
TS2, TS3, TS4 and TS5) tobacco (A) and in untransformed control 
(RC), transgenic lines (RSI, RS2, RS3 and RS5) if rice (B). OsiSAP8 
cDNA was used as a radiolabeled probe for northern hybridization in 
all cases. The lower panels in all cases show ethidium bromide- 
stained rRNA for equivalent loading and RNA quality. Leaf disc 
assay was performed to analyze the salt tolerance levels of T 0 
transgenic plants by floating the leaf segments from control and 



transgenic plants on 0 rnM (control), 200, 400, 600 and 800 mM 
NaCl solution. The phenotypic appearance of the transgenic leaf 
segments (TS4 and RS5) as compared to wild-type (control, TC, RC) 
leaves was observed (C). Similar kind of results was obtained from all 
the transgenic plants. At the end of 72 h of salt stress, % chlorophyll 
retention in the leaf discs was measured. The error bars in the graph 
represent the'standard deviation of the values taken from all the five 
transgenic lines of both tobacco and rice (D) 



Evaluation of Os/SAPS-overexpressing lines for dehy- 
dration stress tolerance revealed that the percentage 
germination of wild-type seeds from both tobacco and rice 
was much less compared with transgenic seeds over a 
period of 7 days. Although 95% germination was observed 
in transgenic lines under both 300 mM (Fig. 5A, C; 
Table 1) and 400 mM (Fig. 5B, D; Table 1) mannitol 
stress, the growth (in terms of fresh- weight, root length and 
shoot length) was better when grown under 300 rnM 
mannitol stress condition as compared to 400 rnM manni- 
tol stress (Table 1, Fig. 5E, F). However, the fresh weight, 
shoot length and root length of transgenic lines, under both 
conditions of stress, was much higher compared with that 
of wild-type as reflected on quantitative estimation 
(Table 1) and visual appearance (Fig. 5E, F). Significant 
improvement in the fresh-weight, root length and shoot 



length gain of seedlings from transgenic rice lines under 
stress was observed over a recovery period of 8 days. Over 
a similar period, fresh-weight gain in wild-type seedlings 
was minimal. Also, it was observed that both control and 
transgenic seedlings grown under 0.3 M Mannitol stress 
showed better recovery as compared to seedlings grown 
under 0.4 M Mannitol stress (Fig. 5G, H). Though, three 
leaf stage was observed in the transgenic seedlings recov- 
ered from both 0.3 and 0.4 M mannitol stress, the 
elongation of shoot was effected with 0.4 M Mannitol 
(Fig. 5G, H). The results indicated that though the drought 
stress retarded the growth of transgenic seedlings by 50%, 
they fared better than the control seedlings, which showed 
around 90% growth retardation under stress. 

Transgenic lines were also analyzed for cold tolerance in 
Tj generation as described in "Materials and methods". In 
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Fig. 4 Effect of salt stress on 
seedlings from wild-type and Tj 
progenies of tobacco (TS1, TS2, 
TS3 and TS4) and rice (RSI, 
RS2, RS3 and RS5) transgenic 
lines overexpressing OsiSAP8. 
The seeds were allowed to 
germinate in presence of NaCl 
(150 raM for tobacco and 
200 raM for rice) and 
germination percentage was 
calculated at the end of 7 days 
(A, B). Photograph of the 
representative seedlings of 
tobacco control (TC) and four 
transgenic lines (TS1, TS2, TS3 
and TS4) were taken after 
15 days of recovery (C). 
Photographs taken for 
representative seedling of rice 
control (RC) and transgenic 
lines (RSI, RS2, RS3 and RS5) 
after 8 days of germination on 
salt (D) and 7 days after 
recovery (E) are also 
represented 
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case of tobacco seedlings, no significant differences in the 
appearance was noticed after exposure to 4 ± 1°C for 
4 days. However, under similar conditions, leaves of the 
wild-type rice seedlings rolled in and dried while the leaves 
from transgenic seedlings remained fresh (Fig. 6B). The 
transgenic lines from both tobacco and rice recovered well 
as indicated by the gain in the fresh-weight. Transgenic 
rice seedlings gained 40% fresh-weight as compared to 
only 3% gain by control rice seedlings after 7 days of cold 
recovery. After 15 days of recovery, stressed tobacco 
transgenic seedlings gained 76-82% fresh weight as com- 
pared to 20% by control seedlings grown under similar 
conditions. Phenotypically, the transgenic seedlings 
appeared better than the control seedlings with the 
appearance of third and fourth leaves with an elongated 
internode. Whereas in case of control tobacco seedlings 
only the first two leaves were prominent with a small third 
leaf (Fig. 6A). OsiSAPl -overexpressing tobacco seedlings 
were shown to withstand 8 ± 1°C for 15 days (Mukho- 
padhyay et al. 2004). Based on these observations, it may 
be argued that overexpression of OsiSAP8 both in homol- 
ogous and heterologous systems conferred tolerance to 
high salt, drought and cold stresses equally. 



Productivity of transgenic rice plants was not affected 
under salt and drought stress 

It was observed that the overexpression of OsiSAP8 led 
to ~50% yield penalty in transgenic lines under normal 
conditions of growth (Table 2). So in another set of 
experiments, an attempt was made to know the effect of 
salt (NaCl) treatment and water-deficit on productivity of 
transgenic rice lines overexpressing OsiSAPS. Stress 
treatments were given to the mature plants as described in 
"Materials and methods". The control plants were severely 
affected in both the cases and eventually died within 
25 days. However, transgenic plants did not show any sign 
of stress, continued to grow, reached maturity, flowered 
and set seeds (Fig. 51). In case of salt stress, the flowering 
time was delayed in by a week but no change in the flower 
morphology or the number of panicles and flowers was 
observed as compared to unstressed transgenic lines. It was 
observed that the yield decreased significantly by ~49- 
55% compared to that of unstressed control plant (Table 2). 
However, no penalty was observed when compared to 
unstressed transgenic lines (Table 2). Hence, the produc- 
tivity was not affected in transgenic rice lines under 
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Fig. 5 Effect of dehydration 
stress on seedlings from control 
and OszSAPS-overexpressing 
transgenic lines of rice and 
tobacco. Seeds were germinated 
on 0.3 M (A, C) and 0.4 M 
mannitol (B, D) and percentage 
germination was calculated. 
Standard deviation of the values 
taken for five samples is shown 
in A, B, C and D. Photograph of 
representative seedlings of 
control (RC — rice control, 
TC — tobacco control) and four 
transgenic lines (Tobacco — 
TS1, TS2, TS3 and TS4; Rice— 
RSI, RS2, RS3 and RS5) taken 
after 7 days of germination on 
0.3 M mannitol (E, F upper 
panel) and 0.4 M mannitol 
(E, F lower panel) is given. 
After 8 days of recovery, rice 
seedlings grown on 0.3 M 
mannitol (G) recovered better 
than those grown on 0.4 M 
mannitol (H). The rice 
transgenic lines did not show 
any symptom of drought and 
grew well under water deficit 
conditions for 23 days in 
contrast to the control plants 
that wilted and died (I) 
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Fig. 6 Effect of cold stress on seedlings from control (wild-type) 
and OsiSAP8 overexpressing transgenic lines of rice and tobacco. 
Twelve-day-old seedlings from tobacco and rice were grown at 
4 ± 1°C for 4 days and transferred to culture room conditions for 
recovery. After 15 days of recovery, the transgenic tobacco lines 
(TS1, TS2, TS3 and TS4) recovered better and formation of new 
leaves with elongated internode was observed (A). After 4 days of 
cold stress, the leaves of transgenic rice lines (RSI, RS2, RS3 and 
RS4) looked fresh compared to the leaves of control rice seedling 
(RC) that rolled inside and dried (B) 



drought and salt stresses compared to unstressed transgenic 
lines. 

Constitutively active promoters are not always desir- 
able for plant genetic engineering because overexpression 
of a transgene may compete for energy and building 
blocks for synthesis of proteins or RNA that are also 
required for plant growth under normal conditions 
(Kathuria et al. 2007). Several inducible and tissue/stage 
specific promoters are available and have been studied in 
rice, which provides a way to express the transgene very 
specifically in the target plant. Expression of genes for 
stress tolerance could be engineered better by deploying 
stxess-inducible promoters or their elements. Many such 
promoters were studied in rice (summarized in Kathuria 
et al. 2007). Expression of OsiSAP8 under stress induc- 
ible promoters in future would give better insight into the 
effect of OsiSAP8 overexpression during the stress 
conditions. 
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Fig. 7 Subcellular localization 
of GFP alone and GFP-SAP8 
fusion protein during transient 
expression in N. bentliamiana 
leaves. The fluorescence was 
visualized using confocal 
microscopy. GFP fluorescence 
(green channel), red channel 
(autofluorescence of plant 




tissue), bright field channel and 
channel overlays of green, red 
and bright field channel are 
shown. Free GFP was expressed 
both in the cytoplasm and nuclei 
(A1-A4) whereas GFP-SAP8 
fusion protein was localized 
only in the cytoplasm (B1-B4) 




OsiSAP8 is a cytoplasmic protein and might carry out 
its functions via protein-protein interactions aided 
by its A20 and AN1 zinc finger domains 

The exact role of OsiSAP8 in stress tolerance is not clearly 
understood. It is speculated that rice SAP gene family 
members would probably fall into the category of regula- 
tory genes induced during stress response since they code 
for zinc-finger containing domain. Generally many of the 
zinc finger domain proteins act as transcriptional factors. 
However, it was hypothesized that OsiSAPl, may not act 
as transcriptional factor since it lacks any nuclear locali- 
zation signal and DNA binding domain. It was also 
suggested that OsiSAPl might carry out its function via 
protein-protein interactions (Mukhopadhyay et al. 2004). 
SAP proteins have homology to human proteins A20 and 
ZNF216 that negatively regulates the NF-kB activation 
pathway (Cooper et al 1996; Evans et al. 2004). ZnF216 
has the A20 zinc-finger at the N-terminus and the AN1 
zinc-finger at the C-terminus. ZNF216 interacts with 
components of the immune response like RIP, IKKy and 
TRAF6 mediated by the A20 zinc-finger domain and the 
AN1 zinc-finger domain, showing that both the zinc-finger 
domains are involved in regulating the immune response. 
Also co-immunoprecipitation experiments showed that the 
ZnF-A20 and ZnF-ANl domains of ZNF216 could interact 
with each other, whereas ZNF216 could form homo-olig- 
omers or hetero-oligomers with A20 (Huang et al. 2004). 

In silico analysis of OsiSAP8 gene product did not 
predict any potential nuclear localization signal or DNA 
binding domain. Instead Sosui analysis and pSORT anal- 
ysis indicated it to be a hydrophilic soluble cytoplasmic 
protein. In this study, we performed transient expression 
of green fluorescent protein (GFP) fused with OsiSAP8 
coding region, in the epidermal cells of N. benthamiana. 
When expressed alone, GFP was distributed uniformly in 
the cells (Fig. 7A1-A4). GFP-SAP8 fusion protein was 




Fig. 8 Yeast two hybrid analysis. EGF 48+ yeast cells were 
co-transformed with pEGA20-pJGA20 (1), pEGA20~pJGANl (2), 
pEGANl~pJGA20 (3), pEGANl-pJGANl (4), P EG202-pJGANl (5) 
and pEG202-pJGA20 (6) and the interactions of A20 and AN1 
domains were studied by /?-galactosidase assay (A), leucine proto- 
trophy assay (B) and Quantitative ONPG assay (C). The host cells 
harboring either pJGA20 or pJGANl along with pEG202 empty 
vector served as negative control. For leucine prototrophy assay the 
co-transformants grown on liquid culture lacking tryptophan and 
histidine were serially diluted and 10 ul of each dilution till 10~ 3 was 
plated on selective medium lacking tryptophan, histidine, uracil and 
leucine. The % activity of /?-galactosidase represented as bars relative 
to each other (C). The interaction with higher activity was taken as 
100% 

specifically localized to cell cytoplasm (Fig. 7B1-B4), 
indicating that unlike many zincfinger containing proteins, 
OsiSAP8 is a cytoplasmic protein. Thus, as in the case of 
ZnF216, OsiSAP8 gene product may carry out its functions 
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Table 3 Quantitative assay for 
/?-galactosidase 

Standard deviations are shown 
based on three independent 
experiments. /?-galactosidase 
activity is expressed as 
percentage of maximal 
enzymatic activity taking the 
stronger interaction as 100% 



Number 


Construct 


OD 420 (SD) 


/?-gal units 


% of maximal 


1 


pEGA20-~pJGA20 


0.186 (0.004) 


9.54 


100 


2 


pEGANl-pJGA20 


0.170 (0.002) 


8.71 


91.2 


3 


pEGA20-pJGANl 


0.172 (0.002) 


8.80 


92.2 


4 


pEGANl-pJGANl 








6 


P EG202-pJGANl 








7 


P EG202-pJGA20 









via protein-protein interactions aided by A20 and AN1 
domains. To investigate the possible interactions between 
A20 and AN1 domains of OsiSAP8, a Yeast two-hybrid 
analysis was performed using the A20 and AN1 zinc-finger 
domains of OsiSAP8 fused to AD (activation domain) 
and BD (DNA binding domain) domains of pJG4-5 and 
pEG202 yeast vectors. Qualitative /?~galactosidase assay 
revealed that yeast cells co-transformed with pJGA20~~ 
pEGA20; pJGA20-pEGANl and pJGANl-pEGA20 
showed blue staining reflecting a specific A20-A20 and 
A20-AN1 interaction. No blue staining was seen with 
p JGAN 1-pEGAN 1 interaction (Fig. 8A) Yeast cells 
transformed with pJGANl and pEG202 empty vector, 
pJGA20 and pEG202 empty vector, that served as negative 
control also remained white showing no interaction. In 
addition, leucine prototrophy assay also showed that only 
the cells showing A20-A20 and A20-AN1 interactions led 
to growth of cells on a leucine-deficient dropout medium 
(Fig. 8B). The yeast cells co transformed with pEGANl- 
pJGANl; pJGANl-pEG202 and pJGA20-pEG202 did not 
show any growth on leucine dropout medium (data not 
shown). Therefore it can be suggested that A20 interacts 
with itself and also with AN1 domain and AN1 does not 
interact with itself. The qualitative /?-galactosidase assay 
revealed that A20-A20 interaction is stronger than the 
A20-AN1 interaction (Fig. 8C, Table 3). Hence, it may be 
suggested that ZnFA20 domain may help in the formation 
of homodimers or heterodimers to carry out the functions 
of the OsiSAP8. These results along with the early 
nature of its induction upon stress treatments indicate that 
OsiSAP8 gene product might act in the early phase of 
signal transduction pathway of stress response. 

The present study provides the preliminary evidence that 
that the A20 and AN1 domains interact in similar fashion 
as in animal proteins and hence clues for the possible role 
of SAP family members could be obtained from studies 
done with human A20 protein. A20 protein from animal 
systems was shown to downregulate NF-kB by targeting 
proteins involved in its signaling for degradation through 
the Ubiquitin proteasome pathway (Wertz et al. 2004; Lee 
et al. 2006; Penengo et al. 2006). So, SAP gene family 
members, as in the case of animal systems may be involved 
in downregulating the pathway associated with abiotic 



stress injuries such as cell death by ubiquitinylating the key 
proteins and hence targeting them to degradation (Vij and 
Tyagi 2006). 

In conclusion, in this study, OsiSAP8, a member of SAP 
gene family from rice was isolated. It is found to be coding 
for a cytoplasmic zinc finger protein that might act early in 
the signal transduction of various stress responses. Its 
overexpression in both homologous (rice) and heterologous 
(tobacco) system lead to an increase in stress tolerance, as 
determined by salt-, drought-, and cold-tolerance assays. It 
was found that the chlorophyll retention, percentage ger- 
mination, fresh weight, root and shoot elongation and leaf 
development were much better in both rice and tobacco 
transgenic lines, as compared to control plants, under stress 
and recovery conditions. However, the transgenic plants 
showed a yield penalty of 50% under unstressed conditions 
and the same yield was maintained under salt and drought 
stresses during anthesis, which is much better compared to 
no seed set in control stressed plants. Future experiments 
with OsiSAP8 under stress inducible promoters might 
help overcome the problem of yield penalty. The role of 
OsiSAP8 in other stresses that have been shown to induce 
its expression still need to be determined. 
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